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© An AC powder type EL panel includes an AC powder type EL element, thermoplastic adhesive layers (6b) 
formed on all surfaces of the AC powder type EL element, and a pair of protective films (6a) adhered to cover 
substantially the entire surfaces of the thermoplastic adhesive layers (6b) and having end portions to be fused to 
each other to seal the AC powder type EL element. A thickness ratio of the protective film (6a) to the 
thermoplastic adhesive layer (6b) is within the range of 5 : 1 to 2 : 1. Since the thermocompression-bbnded end 
portions of the thermoplastic adhesive layers (6b) having poor moisture barrier properties are not exposed 
between the protective films (6a) at the end portions of the AC powder type EL panel, penetration of external 
moisture into the panel can be effectively prevented. 
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AC POWDER TYPE EL PANEL AND METHOD OF MANUFACTURING THE SAME 

The present invention relates to an AC powder type EL panel to be used as, e.g., a back light of a liquid 
crystal display device, an illumination light source, and a display element and a method of manufacturing 
the same. 

Figs. 1A and 2 show the structure of a conventional AC powder type EL panel. Fig. 1A is a sectional 
5 views perpendicular to a light-emitting surface of the AC powder type EL panel, and Rg. 2 is a plan view 
showing the AC powder type EL panel viewed from the above the light-emitting surface. Referring to Fig. 
TA. a reflective insulating layer 2 is formed on a backplate 1 consisting of an aluminum foil or the like, a 
light-emitting layer 3 is formed on the reflective insulating layer 2, and a transparent conductive film 4 is 
bonded by thermocompression on the light-emitting layer 3. The transparent conductive film 4 is constituted 
io by a resin film 4b as a substrate consisting of, e.g., polyester and a transparent electrode 4a formed on the 
resin film 4b. The transparent film 4 is bonded by thermocompression on the light-emitting layer 3 so that 
the transparent electrode 4a faces down, thereby constituting the AC powder type EL element The AC 
powder type EL panel is constituted by the AC powder type EL element as described above, a pair of 
moisture-trapping films 5 formed on the upper and lower surfaces of the AC pbWder type EL element and 
75 consisting of, e.g., nylon, thermoplastic adhesive layers 6b formed on the upper and lower surfaces of the 
moisture-trapping films 5, and a pair of protective films 6a having good moisture barrier properties and 
bonded by thermocompression from the above and below the pair of moisture-trapping films 5 via the 
thermoplastic adhesive layers 6b to seal the AC powder type EL panel. 

As shown in Fig. 2, as the transparent electrode, a transparent conductive film 4 obtained by forming a 
20 thin film of a transparent electrode layer 4a on a resin film substrate 4b, and cbatirig a silver paste of a bar- 
shape on the resulting thin film and baking it to form an auxiliary electrode 4c, can be used. Leads 7 
consisting of phosphor bronze or aluminum a normally, externally led from the backplate 1 and the auxiliary 
' electrode 4a formed on the conductive film 4. 

With the above arrangement, light emission can be obtained from the EL light-emitting element by 
25 applying an AC electric field having about 100 V and 100 to 1,000 Hz across the leads 7. In this state, 
however, the light-emitting layer 3 absorbs moisture to deteriorate the phosphor. Therefore, a method of 
manufacturing this AC powder type EL element additionally requires a step of forming the protective films 
6a as polymer films having good moisture barrier properties to seal the element and a step of forming the 
moisture-trapping layers 5 for trapping moisture permeating through the protective films 6a. 
30 As the moisture-trapping layers 5, a pair of moisture-trapping films 5 having good moisture absorption 
characteristics such as nylon resin films are formed outside the AC powder type EL element. An adhesive 
is coated on one surface of each nylon resin film 5, and the films 5 are bonded to the AC poWder type EL 
element by thermocompression by a iaminator with, the AC powder type EL element being sandwiched 
between the films 5 such that the adhesive faces inside. 
35 As the protective films 6a, films having good moisture barrier properties and small moisture permeabil- 
ity such as fluoroplastic films are used. The protective film 6a has a size larger than that of the AC powder 
type EL element. The thermoplastic adhesive layer 6b is coated on one surface of each protective film 6a. 
The protective films 6a are bonded by thermocompression to sandwich the AC powder type EL element 
such that the adhesive faces inside. The AC powder type EL panel has a structure in which portions of the 
40 protective films 6a extending from the AC powder type EL elements are bonded by thermocompression to 
each other by a Iaminator, thereby sealing the elements. 

A Iaminator used in thermocompressipn bonding of the protective films 6a and the thermoplastic 
adhesive layers 6b is constituted by at least a pair of heat rollers having an internal heater. Sealing of the 
AC powder type EL elements are performed as follows. That is, a plurality of AC powder type EL elements 
45 are aligned between two opposing elongated protective films such that distal end portions of their lead 
extend from the protective films, and the two protective films are bonded by thermocompression to each 
other. The upper and lower protective films and the thermoplastic adhesive layers integrated by sealing are 
cut into a predetermined size by a press cut method, thereby manufacturing an AC powder type EL panel. 
The AC powder type EL panel obtained by the above manufacturing method, however, has a problem 
so of uneven deterioration of a light-emitting layer caused by penetration of moisture from a peripheral portion 
of the laminated protective film. When this uneven deterioration occurs, a distribution of brightness of the 
AC powder type EL panel is significantly deteriorated within a short time period. Therefore, when the AC 
powder type EL panel having the uneven deterioration is used as a back light of a liquid crystal display, it is 
difficult to read displayed characters. 

The uneven deterioration of the light-emitting layer is mainly caused by penetration of moisture from 
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the thermoplastic adhesive layers formed on the protective films. As described above, the protective films 
are bonded by thermocompression from the above and below the AC powder type EL elements via the 
: v thermoplastic adhesive layers to seal the elements and cut into a predetermined shape by a press cut 
method or the like. This cut surface is shown in an enlarged scale in Fig. 1B, As shown in Fig. 1B, the 

5 thermoplastic adhesive layers are exposed to the cut surface between the upper and lower protective films. 
External moisture permeates the exposed thermoplastic adhesive layers and penetrates into the panel. The 
light-emitting layer at the peripheral portion of the light-emitting surface is rapidly deteriorated by the 
penetrating moisture to cause uneven deterioration of the light-emitting surface; Therefore, a strong demand 
has arisen for development of an AC powder type EL panel which improves moisture barrier properties of 

10 the protective films and the thermoplastic adhesive, layers to prevent uneven deterioration of the light- 
emitting layers,, - . • 

As described above, according to a conventional AC powder type EL panel obtained by vertically 
sandwiching AC powder type EL elements by protective films having a larger size than that of the elements 
via thermoplastic adhesive layers, performing thermocompression bonding to seal the AC powder type EL 

75 elements by a laminator, and cutting the protective films and the thermoplastic adhesive layers into a 
predetermined size, if cutting of the protective films and the thermoplastic adheisive layers is performed by 
a press cut method, the thermoplastic adhesive layers between the thermocomjpression-borided protective 
films are exposed to the out surface. Therefore, moisture outside the panel penetrates into the panel 
through the thermoplastic adhesive layers to cause uneven deterioration in the light-emitting layer from the 

20 peripheral portion of the light-emitting surface. 

It is an object of the present invention to provide an AC powder type EL panel which solves a problem 
of uneven deterioration in a light-emitting layer caused by moisture penetrating into the panel. 

It is another object of the present invention to provide a method of manufacturing an AC powder type 

EL panel. 

25"' An AC powder type EL panel of the present invention comprises: 
- an AC powder type EL element including a transparent first electrode^ a reflective insulating layier formed on 
the first electrode, a light-emitting layer formed on the reflective insulating layer, a second electrode 
provided on the light-emitting layer, and a pair of leads connected to the first and second electrodes; 
'fa thermoplastic adhesive layer formed on substantially the entire surfaces of the AC powder EL element; 
30 "" arid 

- a pair of protective films adhered to cover substantially the entire surface of the thermoplastic adhesive 
^ layer and having end portions to be fused to each other to seal the AC powder type EL element. 

A thickness ratio of the protective film to the thermoplastic adhesive layer may be within the range of 5 
•■ .1 to 2 1 1. 

35 According to the present invention, a pair of protective films having good moisture barrier properties are 
integrally fused at their end portions to seal the AC powder type EL element and the thermoplastic adhesive 
layers. In the AC powder type EL panel of the present invention, therefore, since the thermocompression- 
bonded end portions of the thermoplastic adhesive layers having poor moisture barrier properties are not 
exposed between a pair of protective films at the end portion of the AC powder type EL panel, penetration 

40 of external moisture into the panel can be effectively prevented. 

A methpd of manufacturing an AC powder type EL panel of the present invention compnses the steps 

7 of: - 

forming a reflective insulating layer on a first electrode; 

forming a light-emitting layer on the reflective insulating layer; 
45 providing a second electrode on the light-emitting layer; 

connecting leads from the first and second electrodes to obtain an AC powder type EL element; 

forming thermoplastic adhesive layers on a pair of protective films having a size larger than that of the first 

and second electrodes; 

bonding one protective film to upper surface of said AC powder type EL element and the other protective 
so film to lower surface of said AC powder type EL element by thermocompression from the above and below 
by the protective films to seal the AC powder type EL element; and 

cutting the end portions of the thermocompression-bonded protective films into a predetermined shape by 
using a laser, thus fusing the end portions of said protecting layers, 

wherein a thickness ratio of the protective film to the thermoplastic adhesive layer falls within the range of 5 

55 : 1 to 2 : 1. . . 

According to the method of the present invention, thermocompression bonding is performed by limiting 
the ratio of the thickness of the protective film to that of the thermoplastic resin layer, and the 
thermocompression-bonded protective films are cut by using a laser. Therefore, since the protective films 
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having good moisture barrier properties are integrally fused at the cut surfaces of the protective films, the 
thermoplastic adhesive layers having poor moisture barrier properties can be sealed into the protective 
films. In the AC powder type EL panel manufactured in this manner, the thermoplastic resin layers are not 
exposed to the cut surface. 

5 This invention can be more fully understbod from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 A is a sectional view showing a conventional AG powder type EL panel; 
Rg. 1 B is an enlarged sectional view showing an end portion A shown in Fig. 1 A; 

Rg ? 2 is a perspective view showing the AC powder type EL panel viewed from the light-emitting surface 
io ■ side; ' , --v 

Rg. 3A is a sectional view showing an AC powder type EL panel according to an embodiment of the 
present invention viewed in a direction perpendicular 

Fig. 3B is ah enlarged sectional view showing ah end portion B shown in Rg. 3A; 

Rg. 4 is a graph showing a change in decrement time of distribution of brightness with respect to a ratio 
ts of me thickness of a protective film to that of a therm 

Rg. 5 is a graph showing change in half life of brightness with respect to a ratio of the thickness of a 
protective film to that of a thermoplastic adhesive layer; 

Rg, 6 is a graph showing a change in decrement time of distribution of brightness with respect to a 
heating temperature; . 

20 Rg. 7 is a graph showing a change in half life of brightness with respect to a heating temperature; 

Rg. 8 is a graph showing a change in decrement time of distribution of brightness with respect to a 
linear pressure; and 

Rg. 9 is a graph showing a change in half life of brightness with respect to a linear pressure. 
A preferred embodiment of the present invention will be described below with reference to the 
25 accompanying drawings. Rg. 3A is a sectional view showing an AC powder type EL panel according to one 
embodiment of the present invention. Referring to Rg. 3A, a reflective insulating layer is formed on a first 
electrode 1, a light-emitting layer 3 is formed, on the reflective insulating layer 2, a second electrode 4 is 
formed on the reflective insulating layer 3, and leads are led from both the electrodes 1 and 4, thereby 
constituting the AC powder type EL element. 
3b As a material of the first electrode 1 , aluminum, copper, or nickel, for example, can be used. 
As a material of the second electrode 4, indium oxide or JTO, for example, can be used. 
As a phosphor for use in the Jight-emitting layer 2, a conventional EL lamp phosphor can be used. 
Examples of the phosphor are ZnS:Cu,C£, ZnS:Cu,l, and 2nS:Cu,Mn;CX. 

Thermoplastic resin layers 6b and a pair of protective films adhered on the thermoplastic resin layers 
35 6b ar^ formed on the surfaces of the AC powder type EL element described above. The end portions of the 
pair of protective films are fused to each other to seal the AC powder type EL element. A ratio of the 
thickness of the protective film; to that of the thermoplastic adhesive layer is limited to within the range of 5 : 
1 to 2 : 1. Although this thickness ratio varies in accordance with the types of protective film and 
, thermoplastic adhesive, It is preferably within the range of 4 : 1 to 3 : 1. 
40 Since the end portion of the AC powder type EL panel having the above arrangement is airtightly 
covered with a molten product of the protective films 6a, the thermoplastic adhesive layers 6b having poor 
moisture barrier properties are not exposed between the protective films at the end portion of the AC 
powder type EL panel. Therefore, penetration of external moisture into the panel can be effectively 
prevented. 

45 Examples of the material of the protective film used in the present invention are polych- 
brotrifiuoroethylene {to be referred to as PCTFE hereinafter), a combination of polyethylene terephthalate 
(PET) and butyl rubber, and a combination of high-density polyethylene and PET. The material of the film, 
however, is not limited to these examples as long as the film is transparent and has low water permeability 
and good moisture barrier properties. Although the thickness of the protective film is not particularly limited, 
50 it is 100 to 300 urn, and preferably, 150 to 200 urn in consideration of processability, cost permeability, 
and moisture barrier properties. 

The thermoplastic adhesive used in the present invention is a polymer layer which can be adhered 
upon heating or pressurization, e.g., an olefin resin, an acrylic resin, a vinyl acetate resin, and polyester. 
In the AC powder type EL panel, moisture-trapping layers 5 can be formed between the EL light- 
55 emitting element and the thermoplastic adhesive layers. Examples of the moisture-trapping layer of the 
present invention are films consisting of nylon 6, or nylon 6,6 having thermoplastic resin layers on one side 
of the films. 

A method of manufacturing the AC powder type EL panel shown in Rg. 3A will be described below. 
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The reflective insulating layer 2. the light-emitting layer 3. and the second electrode 4 are sequentially 
formed on the first electrode 1. and the leads 7 are formed to be led from both the electrodes 1 and 4, 
thereby manufacturing the AC powder type EL element The manufactured AC powder type EL element .s 
sandwiched between a pair of moisture-trapping films having thermoplastic msin layers, and the mo.sture- 

6 trapping films are bonded by thermocompression to the AC power type EL element The AC P™'*^ 
element which is sandwiched between a pair of moisture-trapping films is sandw.che^between a par of 
protective films having thermoplastic resin layers having the size larger than that of the EL element and tine 
protective -films are bonded by thermocompression to seal the AC powder type EL element An AC powder 
type EL panel can be obtained by cutting the end portions of the thermocompress.on-bonded protective 

10 films 6b into a predetermined shape by using a laser. V ; _ ■ . _ _ . mnm 

In a thermocompression bonding step, a heating temperature is preferably 80 C to 170 C. and more 
preferably. 100* C to 150* C, and a linear pressure is preferably 4 to 48 kg/cm. and more preferably. 5 to 

k9 'T formation of the reflective insulating layer and the light-emitting layer on the backplate, a binder 
« ' prepared by dissolving an organic high dielectric such as cyanoethylprulan or cyanoethylpolyvmylalcohol 
into an organic solvent such as N.N-dimethylformamide can be used. The reflective insulat.ng layer can be 
formed by coating a reflective insulating material paste prepared by dispers.ng a wh.te ponder havrng a 
nigh dielectric constant such as barium titanate into the binder, on the back plate us.ng doctor roHi r,ethod 
or screen printing method and heating and drying the reflective insulating material paste. The l.ght-em,tt.ng 
zo layer can be formed following the same procedures as for the reflective msulating ayer except that a 
phosphor such as ZnSrCu.Ct is dispersed in the binder to prepare a light-em.tt.ngmatenat paste and this 
■light-emitting material paste is used in place of the reflective insulating matenal paste; Jn th.s manner, the 
reflective insulating layer and the light-emitting layer are sequentially formed on the backplate 
* As the transparent electrode on the light-emitting layer, a thin film as a transparent^electrode layer 
as consisting of. e.g., ITO or indium oxide can be formed on a resin film substrate consisting of. e.g.. P°ly^r 
or-polyethylene terephthalate by sputtering or vapor deposition. In addition, a transparent conductive film 
obtained by coating and baking a silver paste in the form of a bar on the resulting thin film to form an 
• auxiliary electrode can be used. This transparent conductive film can be overlapped and bonded by 
thermocompression with the transparent and auxiliary electrodes facing down. Leads cons, sting , of ^ e^ 
30 .phosphor bronze or aluminum can be externally led from the backplate 1 and the auxiliary electrode on the 

C -Th^he?rnopiastic adhesive can be formed on the protective film in the form of a layer. Examples of a 
method of forming the thermoplastic adhesive layer on the protective film are a method of dissotong a 
thermoplastic adhesive component in an organic solvent and coating the resultant solution and a method of 

as melting and extrusion-laminating a thermoplastic adhesive component thamn „,^ 
A step of sealing the AC powder type EL element by bonding the protective, films and the thermoplastic 
adhesive layers to element by thermocompression is generally performed by using a lammator. A larnmator 
is generally constituted by a pair of heat rolls having an internal infrared heater or a pair of induction-heating 
type heat rolls. Two films having the thermoplastic adhesive layers on the protective films are opposed 

40 each other such that the thermoplastic adhesive layers are arranged inside, the AC P 0 ^^^ etement 
is sandwiched between the two opposing films. and the two films are fed between rotating j 1 ^^ The 
thermoplastic adhesive layers are heated and pressurized between the heat, rolls to fuse the tiiermoplastic 
adhesive layers so that the AC powder type EL element is sealed by the protective films and the 
thermoplastic adhesive layers. In order to produce a pressure between the heat rolls, a force ,s generally 

45 applied on both end portions of the roll by two cylindrical hydraulic or pneumatic cylmders. A linear 
pressure P between the two heat rolls to be applied on the AC powder type EL element is defined by the 

following equation (1 ): 

P (kg/cm) = 2'TT'&'PonJ4 (1) 

D : cylinder inner diameter (cm) 
so Po : cylinder pressure (kg/cm 2 ) 

L : AC powder type EL element width (cm) V . ^ ■ - 

Sealing of the AC powder type EL element by the protective films is generally performed by applying 

the linear pressure and the heat defined as described above on the AC powder type EL element If. 

however, an AC powder type panel having a comparatively small light-emitting area, seaflng can be 
ss performed by uniformly applying a pressure and heat on the entire surface of me AC powder type a 

element by using a hot press in consideration of a production efficiency and manufacturing cost In this 

caS, a pressure p' required for sealing is defined by the following equation (2) assummg that the pressure 
' is applied on the surface to be pressed by using N cylinders. Note that a thermocompression bondmg 
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direction, a width L, and a length W are shown in Fig. 2: 
P (kg/cm 2 ) = N o v o D 2o P 0 /IjW/4 (2) 
D : cylinder inner diameter (cm) 
; Po : Cylinder pressure (kg/cm 2 ) 
s L : AC powder type EL element width (cm) 
W : AC powder type EL element length (cm) 
N : Number of cylinder 

In the present invention, since P is limited to 5 (kg/cm) £ P £ 40 (kg/cm), the pressure p' is represented 
by the following equation (3): 
to (5* N)/(2 ° W) (kg/cm 2 ) £ PS (40 ° N)/(2 • W)(kg/cm 2 ) 

Therefore, by performing the thermpcompression bonding step by setting N , W, and P' to satisfy the 
above equation (3), the effect of the present invention can be obtained regardless of a linear pressure: 

Examples of a laser used in the present invention are a carbon dioxide gas laser and an excimer laser. 
The type of laser, however, is not limited to these examples as long as the laser can cut the films but does 
75 not cut the metal. ./. 

In the AC powder type EL panel of the present invention, when the AC powder type EL element is to be 
sealed by the protective films via; the thermoplastic adhesive layers, a ratio of the thickness of the protective 
film to that of the thermoplastic adhesive layer falls within the range of 5:1 to 2 : 1. After the protective 
films are bonded by thermocompression to seal the element, the protective films are melted and cut by 
20 using a laser to airtightly cover peripheral portions of the thermoplastic adhesive layers by a molten product 
of the protective films; As a result, a moisture vapor resistance of the protective films can be significantly 
improved. Therefore, an AC powder type EL panel which does not cause uneven deterioration even after it 
is used over a long time period. 

The present invention will be described in more detail below by way of its examples. 

25 '•' 

■ * > ■ ■ . ■ ' 

Examples 1 -3 

A reflective insulating layer paste prepared by dispersing a barium titanate powder in a binder solution 
30 in which cyanoethyiprulan and cyanoethyl polyvinyl-alcohol in N,N-dimethylformamide (to be referred to as 
DMF hereinafter) was coated on a backplate 1 consisting of an aluminum foil by a screen printing method. 
Thereafter, the coated reflective insulating layer paste, was dried at 120° C to remove DMF, thereby forming 
a reflective insulating layer 2 having a thickness of 30 'to 40 urin. 

A light-emitting layer paste prepared by dispersing a 2nS:Cu,C I phosphor and an organic fluorescent 
35 pigment in the above binder solution was coated on the reflective insulating layer 2. Thereafter, the coated 
light-emitting layer paste was dried at 120*C to remove DMF, thereby forming a light-emitting layer 3 
having a thickness of 30 to 40 jxm. 

A transparent conductive film 4 was formed by depositing ITO as a transparent electrode 4a on a PET 
film 4b. A thermosetting silver paste was printed on the transparent electrode 4a by a screen printing 
40 method. Thereafter, the printed silver paste was baked and thermoset at 150° C for 30 minutes to form an 
auxiliary electrode 4c on the transparent conductive film 4. Leads 7 consisting of phosphor bronze were 
temporarily fixed by a PET tape at predetermined positions of the auxiliary electrode 4c and the backplate 

The transparent electrode 4a and the light-emitting layer 3 were bonded by using a laminator at a 
45 heating temperature of 170° C, a linear pressure of 20 to 40 kg/cm, a feed speed of 10 to 50 cm/min. Ih 
addition, moisture-trapping films 5 constituted by a nylon 6 film and a thermoplastic adhesive adhered on 
the nylon 6 film was bonded to the outer surfaces of the transparent electrode 4a and the backplate 1 by 
using a laminator at a heating temperature of 130° C, a linear pressure of 20 to 30 kg/cm, and a feed speed 
of 30 to 50 crh/min. 

so Rims obtained by forming thermoplastic adhesive layers 6b on protective films 6a consisting of PCTFE 
were bonded by thermocompression on the outer surfaces of the moisture-trapping films 5 by using a 
laminator at a heating temperature of 130° C, a linear pressure of 20 kg/cm, and a feed speed of 30 
cm/min. While the thickness ratio of the protective film to the thermoplastic adhesive was changed to be 5 : 
1, 4 : 1, and 2 :1, thereby sealing an AC powder type EL element Thereafter, the projecting protective 

55 films were cut by a carbon dioxide gas laser to obtain AC powder type EL panels, and the characteristics of 
the panels were compared and evaluated. Practical processing conditions for cutting the protective films 
and the thermoplastic adhesive layers by using a carbon dioxide gas laser are summarized in the following 
• . Table. 

6 
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Table 



70 



Carbon Dioxide Gas Laser Output 


17.5 W 


Lens-Sample Interval 


90.0 mm 


Assist Gas 


Ar 


Assist Gas Supply Amount 


20.0 1/min. 


Cutting Speed 


20.0 m/sec. 



As Controls 1 to 3, panels were manufactured following the same procedures as in Examples 1 to 3 
except that the thickness ratio of the protective film to the thermoplastic adhesive were changed to 8 : 1, 6 : 
75 1, and 1 : 1. In addition, Controls 4 to 10 were manufactured following the same procedures as in Examples 
1 to 3 except that the thickness ratio was changed to be 8 : 1, 6 :1, 5 :1, 4 :1, 2 : 1, and 1 : 1 and cutting 

was performed by a press cut method. . ; 

The thickness of the protective film was iset to be 200/y.m in all the examples. Half life of brightness as 
brightness of the AC powder type EL panel and decrement time, of distribution of brightness as its 
20 distribution of brightness were measured for each AC powder type EL panels of the present Invention and 
the controls. Figs. 4 and 5 are a graph showing a relationship between the distribution of brightness and a 
thickness ratio of the protective film to the thermoplastic adhesive layer and a relationship between the half 
life of brightness and the thickness ratio, respectively, according to the measurement results of the 
i-- distribution of brightness and the decrement time of distribution of brightness obtained at room temperature 
25 of 25 *C and a relative humidity of 60% when an AC voltage of 100 V and 400 Hz was applied. Distribution 
of brightness was defined as a value obtained by dividing maximum brightness of the light-emitting surface 
by its minimum brightness, and the decrement time of distribution of brightness is defined as a light 
emission time required for the distribution of brightness to exceed 1.2, As is apparent from Fig. 3, the AC 
powder type EL panels having the thickness ratio of the protective film to the thermoplastic adhesive layer 
falling within the range of 5 : 1 to 2 : 1 has good decrement time of distribution of brightness exceeding 
3,000 hours, while the distributions of brightness of the AC powder type EL panels of other conditions were 
rapidly degraded as a time passed. To contrary to this, the decrement time of distribution of brightness of 
each control was 1,000 hours regardless of the thickness ratio. As is apparent from Fig. 5, the half time of 
brightness indicating the life of panel of each AC powder type EL panel having the thickness ratio according 
35 to the present invention was three to four times those of the controls. 

The similar experiment was conducted by changing the laminating conditions of sealing such that the 
heating temperature of 100° C to 150° C and the linear pressure of 5 to 40 kg/cm. As a result, the 
brightness and the distribution of brightness were significantly improved when the thickness ratio of the 
protective film to the thermoplastic adhesive layer fell within the range of 5 : 1 to 2 : 1 as compared with 
40 other ranges. In addition, it was found that this effect appeared regardless of the feed speed upon 

. thermocompression bonding. . 

The above effect can be obtained when the thickness ratio of the protective film to the thermoplastic 
adhesive layer falls within the range of 5 : 1 to 2 : 1 for the following reason. That is, if the thickness ratio is 
smaller than 2 :1, since an amount of the melted protective films is absolutely insufficient during laser 

45 cutting, the thermoplastic adhesive layers cannot be covered. If the thickness ratio is larger than 5:1, since 
the melted protective films sag downward by a gravitational force, the thermoplastic adhesive layers are 
exposed to the cut surface. If, however, the thickness ratio falls within the range of 5 : 1 to 2 : 1, since the 
melted protective films airtightly cover the thermoplastic adhesive layers upon laser cutting, no thermoplas- 
tic adhesive layers are exposed to the cut surface to prevent penetration of moisture into the AC powder 

50 typeELpanel. 



Examples 4- 27 

55 AC powder type EL panels were manufactured by cutting protective films and thermoplastic adhesive 
layers by using a carbon dioxide gas laser following the same procedures as in Example 1 except that a 
protective film is of 200-um thick and a thermoplastic adhesive layer is of 50-um thick and thermocompres- 
sion bonding was performed under various conditions, and decrement time of distribution of brightness and 
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half life of brightness were measured following the same procedures as in the above experiment 

Figs. 6 and 7 are graphs showing a relationship between the decrement time of distribution of 
brightness and a heating temperature upon thermocompression bonding and a relationship between the. half 
life of brightness and the heating temperature of the AC powder type EL panels obtained by thermoconv 
5 pression bonding at various heating temperatures under the conditions of a linear pressure of 25 kg/cm and 
a feed speed of 30 cm/min. as Examples 4 to 13 and Controls 10 to 19. As is apparent from Figs. 6 and 7, 
good decrement time of distribution of brightness and half life of brightness of 3,000 and 3.500 hours, 
respectively, were obtained within the heating temperature range of 100 * C to 150 ° C. 

Figs. 8 and 9 are graphs showing a relationship between decrement time of distribution of brightness 

to and a linear pressure and a relationship between half life of distribution and the linear pressure of AC 
powder type EL panels manufactured by cutting the protective films and the thermoplastic adhesive layers 
by a carbon dioxide gas laser after thermocompression bonding was performed by various linear pressures 
under the conditions of heating temperature of 130° C and a feed speed of 30 cm/min. as Examples 14 to 
27 and Controls 20 to 32. As is apparent from Rgs. 8 and 9, the decrement time of distribution of 

75 brightness and the half life of brightness of the AC powder type EL panel manufactured within the linear 
pressure range of 5 to 40 kg/cm were 3,000 to 3,500 hours, while the decrement time of distribution of 
brightness and the half life of brightness were 2,000 hours under the conditions, of the linear pressure of 4 
kg/cm or less and more than 40 kg/cm. 

When the heating temperature and the linear pressure are increased, it is difficult to uniformly perform 

20 thermocompression bonding since flowability of the thermoplastic adhesive is largely increased. When the 
thickness ratio of the protective film to the thermoplastic adhesive layer has a distribution, a region in which 
the ratio of the two is very large partially appears. To contrary to this, when the heating temperature and the 
linear pressure are decreased, the flowability of the thermoplastic adhesive is decreased. Therefore, since 
the thermoplastic adhesive is not airtightly filled in edge and corner portions of the AC powder type EL 

25 element but produces bubbles, sealing of the AC powder type EL element becomes imperfect 

As described above, the AC powder type EL panel can be uniformly and airtightly sealed by performing 
thermocompression bonding under the conditions of preferably a heating temperature of 100° C to 15Q 8 C 
and a linear pressure of 5 to 40 kg/cm. By cutting the resultant panel by using a laser, the thermbplastic 
adhesive at the cut surface can be airtightly covered with the protective films to realize an AC powder type 

30 EL panel free from uneven deterioration. 

Claims 

35 1 . An AC powder type EL panel comprising: 

an AC powder type EL element including a first electrode (1), a reflective insulating layer (2) formed on said 
first electrode (1), a light-emitting layer (3) formed on said reflective insulating layer (2), a transparent 
second electrode (4a) provided on said light-emitting layer (2), and leads (7) connected to said first and 
second electrodes (1 , 4a); 

40 a thermoplastic adhesive layer (6b) formed on surface of said AC powder EL element; and 

protective films (6a) for sealing said AC powder type EL element via said thermoplastic adhesive layers 

■;- (6a). ■• 

characterized in that said pair of protective films (6a) are adhered to cover substantially the entire the 
surface of said thermoplastic adhesive layer (6b), and end portions of said pair of protective films (6a) are 
45 fused to each other to seal said AC powder type EL element. 

2. A panel according to claim 1, characterized in that a thickness ratio of said protective film to said 
thermoplastic adhesive layer is within the range of 5 : 1 to 2 : 1 . 

3. A panel according to claim 1, characterized in that the thickness of said protective film (6a) is 100 to 
300/fim. - 

so 4. A panel according to claim 1, characterized in that a material of said thermoplastic adhesive (6b) is 
selected from the group consisting of an olefin resin, an acrylic resin, a vinyl acetate resin, and polyester. 
5. A panel according to claim 1, characterized in that a material of said first electrode (4a) is selected from 
the group consisting of AX, Cu, Ni, alloy of AJt and Cu, alloy of Al and Ni, alloy of Cu and Ni, and alloy of 
At Cu and Ni. 

55 6. A method of manufacturing an AC powder type EL panel, comprising the steps of: 

forming a reflective insulating layer (2) on a first electrode (1 ); 

forming a light-emitting layer (3) on said reflective insulating layer (2); 
; providing a second electrode (4a) on said light-emitting layer (3); 
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forming leads (7) connected to said first and second electrodes (1, 4a); 

forming thermoplastic adhesive layers (6b) on the pair of protective films (6a) having a size larger than that 
of said first and second electrodes (1 , 4a); ." 

bonding one protective film to upper surface of said AC powder type EL element and the other protective 
5 film to lower surface of said AC powder type EL element t>y thermocornpression to seal said structure; and 
cutting the end portions of said thermoeo^ prdtective films (6a) into a predetermined 

shape by using a laser, •' • 

characterized in that a thickness ratio of said protective film (6a) to said thermoplastic adhesive layer (6b) 
fails within the rahge of 5 : : 1 to 2 : 1 , and said cutting step is performed by a laser, thus fusing the end 

w portions of sad protecting layers.. /,, '- : \:":, :: 

7. A method according to claim 6, characterized in that said thermocornpression bonding step is performed 
at a heating temperature of 100° C to 150* C arid a linear jDressure o^ 5 to 40 kg/cm. 

8. A method according to claim 6, characterized in that said laser processing step was performed by using 
a carbon dioxide gas. 

75 9. A method according to claim 6, characterized in that the thickness of said protective film (6a) is 100 to 
300 urn. • 

10. A method according to claim 6, characterized in that a material of said thermoplastic adhesive (6b) is 
selected from the group consisting of an olefin resin, an acrylic resin, a vinyl acetate resin, and polyester. 

11. A method according to claim 6, characterized in that a material of said first electrode (1) is selected 
20 from the group consisting of At, Cu, Ni, alloy of At and Cu, alloy of At and Ni, alloy of Cu and Ni. and 

alloy of A* , Cu and Ni. 
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@ An AC powder type EL panel includes an AC 
powder type EL element, thermoplastic adhesive 
layers (6b) formed on all surfaces of the AC powder 
type EL element, and a pair of protective films (6a) 
adhered to cover substantially the entire surfaces of 
the thermoplastic adhesive layers (6b) and having 
end portions to be fused to each other to seal the 
AC powder type EL element. A thickness ratio of the 
protective film (6a) to the thermoplastic adhesive 
layer (6b) is within the range of 5 : 1 to 2 : 1. Since 
the thermocompression-bonded end portions of the 
thermoplastic adhesive layers (6b) having poor mois- 
ture barrier properties are not exposed between the 
protective films (6a) at the end portions of the AC 
powder type EL panel, penetration of external mois- 



ture into the panel can be effectively prevented. 
60 6b 3 4a 4b 4 5 
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